Cochrane D. Shaking weight loss away -Can vibration exercise reduce body fat? J. Hum. Sport Exerc. Vol. 6, No. 1, pp. 33-39, 2011. An exercise modality that requires little time and physical exertion whilst providing the benefits of increased force, power, balance, flexibility, and weight loss would appeal to most people that may be at risk from an imbalanced lifestyle. One such exercise modality that has received a lot of attention has been vibration exercise (VbX), which evokes muscular work and elevates metabolic rate could be a potential method for weight reduction. Popular press has purported that VbX is quick, convenient, and 10 minutes of VbX is equivalent to one hour of traditional exercise, where it has been marketed as the new weight-loss and body toning workout. However, research studies have shown that muscle activation is elicited but the energy demand in response to VbX is quite low. Exhaustive VbX has been reported to produce a metabolic demand of 23 ml/kg/min compared to 44 ml/kg/min from an exhaustive cycle test. Different vibration frequencies have been tested with varying amplitudes and loads, but only small increases in metabolic rate have been reported. Based on these findings it has been indirectly calculated that a VbX session of 26Hz for 3 continuous minutes would only incur a loss of ~ 10.7g fat/hr. Following a 24-week programme of VbX, no observed differences were found in body composition and following 12 months of VbX the time to reach peak O 2 was significantly higher in conventional exercise compared to VbX. However, one study has reported that percentage body fat decreased by 3.2% after eight months after VbX in comparison to resistance and control groups that performed no aerobic conditioning. The evidence to date, suggests that VbX can increase whole and local oxygen uptake; however, with additional load, high vibration frequency and/or amplitude it cannot match the demands of conventional aerobic exercise. Therefore, caution is required when VbX programmes are solely used for the purpose of reducing body fat without considering dietary and aerobic conditioning guidelines.
INTRODUCTION
In a society where physical activity is on the decline and obesity is on the rise there is a need to find new methods and modalities to promote healthy and beneficial exercise. An exercise modality that requires little time and physical exertion but provides benefits to increase muscle force, power, balance, flexibility, and weight loss would appeal to most people that lead busy lifestyles or are at risk from a lifestyle imbalance. One such exercise modality that has received a lot of attention has been vibration exercise (VbX), which is purported to enhance, sports performance (Cochrane & . VbX initiates a rapidly and repeating eccentric-concentric action that evokes muscular work and elevates metabolic rate (Rittweger, Beller, & Felsenberg, 2000) . This is achieved by standing on a commercially manufactured machine with an oscillating platform that produces side-alternating vertical sinusoidal asynchronous vibration (SV) or moves predominately in the vertical direction to produce vertical synchronous vibration (VV). Using low vibration frequency (5-45Hz) it has been reported to increase muscle activity (Abercromby et al. VbX has gained popularity with a plethora of vibration machines being used in fitness centres, studios, and gyms, but it has been subjected to hype and sensationalism. There have been reports in the lay literature that VbX reduces the workout time but provides the full benefits of a normal workout, which can reduce body fat. In some instances it has been reported that a 10 minute VbX session is equivalent to one hour of traditional exercise. Therefore, the aim of this opinion is to provide the readers with the scientific evidence on the use of VbX to reduce body fat.
OXYGEN COST OF VbX
From electromyography-VbX studies there is strong evidence to suggest that muscle activation is elicited 2001) found that VbX (f=26 Hz, A= 6mm, SV) elicited 10.2 ml/kg/min compared to no vibration of 4.8 ml/kg/min, while dynamic squatting at a tempo of 3s up and 3s down (to 90° knee flexion) for three minutes recorded 14 ml/kg/min with vibration and 10.7 ml/kg/min without vibration. The authors propose that the increase in oxygen uptake was indirectly related to muscle activity and vibration at 26 Hz (A=6mm) was equivalent to moderate walking at 4.5 km/hr (1.25m/s).
In a further study quantified the effect of metabolic demand by examining a range of vibration frequencies (f=18, 26, 34 Hz) and amplitudes (A=2.5, 5, 7.5mm). They reported that oxygen uptake increased proportionally to an increase in vibration frequency, with external load showing a similar trend. However, oxygen uptake increased exponentially, especially at higher amplitudes of 5mm and 2007) found that a fast cadence 2s (1s up, 1s down) of dynamic squatting with vibration (f =30 Hz, A=4mm, VV) produced a greater oxygen cost and higher total energy expenditure compared to slower squatting cadences of 4s (2s up, 2s down) and 6s (3s up, 3s down). However, fat oxidation was higher and carbohydrate oxidation was lower in the slower cadence of 6s, suggesting that slower squatting may be more effective for fat burning, but the total energy expenditure was lower in the faster squat, which was calculated from V̇O 2 and respiratory exchange ratio.
An estimation of the energy cost of vibration (f=26 Hz, A=6mm) can be indirectly calculated. Based on Rittweger et al. (2001) findings that three minutes of VbX (f=26 Hz, A=6mm, SV) for a 70 kg person increases oxygen uptake by 4.5 ml/kg/min would equate to an expenditure of 18.9 L of O 2 /hr. Assuming an energy equivalent of 20.9 kJ/L of O 2 and a caloric equivalent of 37 kJ/g of body fat, this would accrue a loss of ~ 10.7g fat/hr ([18.9x20.9]/37). Therefore, it is unlikely that VbX can be exclusively used as a form of aerobic exercise to reduce body fat. This has been be supported by Roelants et al. (2004), who observed no changes in the body composition of body weight, percentage body fat or skinfold thickness in young untrained females following 24 weeks (3x/week) of VbX in comparison to combined cardiovascular/resistance training or control conditions. Although these young female participants were classified as untrained, no specific data was given on their baseline fitness levels; however, the vibration group were non-significantly heavier (3.8kg) and had a higher percentage body fat (2.5%) compared to cardiovascular/resistance group. A further limitation was the volume and training intensity between vibration and cardiovascular/resistance training groups were not identically matched. However, this is difficult to achieve, because there are currently no prescription guidelines to increase the vibration parameters in a progressive and systematic fashion. Recently, a 12 month study was conducted on older men and women (60-80yr) to investigate the effect of intermittent vibration (f=35 & 40 Hz, A= 2.5 & 5mm, VV) and conventional exercise (aerobic, resistance, balance, and flexibility) on cardio-respiratory fitness (Bogaerts et al., 2009 ). The researchers observed that post-training V̇O 2 peak was significantly higher in both VbX (18%) and conventional exercise groups (21%) compared to control (8%). However, the time to reach peak V̇O 2 was significantly higher (14%) in conventional exercise compared to VbX (9%) and control (6%). Caution is required when interpreting the results as the vibration and conventional groups were not matched for intensity, metabolism, or load. Further, no measurement of the metabolic cost was taken during the vibration or conventional exercise sessions, and the study lacked a placebo condition.
MUSCLE METABOLISM AND VbX
A few studies have examined local muscle metabolism using near-infrared spectroscopy (NIRS) technology with varying results. Yamada et al. (2005) found that fast dynamic squatting for three minutes with vibration (f=15 Hz, A=2.5mm, SV) increased muscle oxygenation of the vastus lateralis compared to squatting with no vibration, which the authors attributed to an increase in oxygen uptake. Further confirmation that vibration increases oxygen consumption through muscle activation has also been made by Mileva et al. (2006) . They observed that the rate of vastus lateralis deoxygenation (as estimated from the slope of HHb) was significantly faster (32%) after 35% 1RM knee extension exercise with vibration, compared to nonvibration. On the contrary, Cardinale et al. (2007) found no significant differences between muscle oxygenation levels of vastus lateralis and gluteus maximus performed at 30, 40, 50 Hz (A=4mm, VV). The difference between these findings may be explained by the different protocols of the exposure time, vibration platform type (VV vs. SV), vibration frequency, and body positions.
Recently, there has been some support for the idea that muscle perfusion may play an important role in VbX. Using 31 P magnetic resonance spectroscopy ( 31 P-MRS), Zange et al. (2009) reported an increase in ATP consumption from a custom built vibration pedal (f=20 Hz, A=2mm) but it was not significantly different to no vibration. However, when arterial occlusion was applied to the ipsilateral thigh, ATP consumption increased by 60%, PCr increased by 35% and pH by 0.16 units compared to no vibration. This confirms the findings of Rittweger et al. (2001) that VbX elevates metabolism, but it cannot elevate energy turnover by large amounts. But some companies advocate that a 10 minute workout on VbX platform is equivalent to one hour of traditional exercise, to a less extent this may be true, because a VbX session of 5 minutes at a vibration frequency of 26Hz is capable of producing 7,800 muscle contractions which is not possible in any conventional exercise regime. Nevertheless, some peer-reviewed published research has been misinterpreted by the lay press to increase machine sales. For instance, one company has been quoted that "a 12-week study found that strength increases from an average of 10 minutes of vibration training were similar to those seen in an hour of regular resistance training". However, on closer examination of this study found that the participants were progressively exposed to VbX from a total of 3 min to 20 min over the 12 week period. Notably, the resistance training group performed a 20 min warm-up followed by 11 min of resistance training (based on 20 RM at a tempo of 3s up and 3 sec down, 2 sets of 2 exercises separate by 1 min recovery). Additionally, it has been reported that the metabolic cost of VbX is much smaller than conventional aerobic exercise, which makes it difficult to reduce body fat, even a higher frequency, amplitude, and additional loading will not drastically increase the ability to elevate energy turnover by large amounts (Rittweger et al., 2000; Rittweger et al., 2001). Lastly, it has been reported in the lay literature that people who use the VbX platforms feel toned after a session, indicating that fat burning has taken place. This is unlikely to be true, it has been proposed that an increase in blood flow and intramuscular pressure of the lower extremities is responsible for this but further research is required to confirm this.
CONCLUSION
The evidence firmly suggests that VbX can increase whole and local oxygen uptake; however, with additional load, high vibration frequency and/or amplitude it cannot match the demands of conventional aerobic exercise. Therefore, caution is required when a VbX programme is solely used for the purpose of reducing body fat without considering dietary and aerobic conditioning guidelines. To date, only one study has reported that VbX is able to burn extra calories but it cannot reduce overall body fat(Fjelstad et al., 2009). Akin to Rittweger's et al. (2000, 2001 ) studies have conclusively reported that vibration is not a suitable option to reduce body weight, as the metabolic cost of a 'standard' vibration session is equivalent to burning only 10g/hr. Finally, it is equivocal whether the increase in energy turnover can be accounted for by an increase in muscle activation caused by neural potentiation, which has been based on spinal reflexes. However, to date, no direct measures of muscle have been made to verify that VbX acts solely through a reflex potentiation causing a change in muscle length that increases oxygen uptake. 
